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BOSTON,  MASSACHUSETTS  •  LAS  VEGAS,  NEVADA 
SANTA  BARBARA,  CALIFORNIA 


Defense  Nuclear  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 
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29  May  1996 
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MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTENTION:  OCD/Mr.  Bill  Bush 


SUBJECT:  Documents  for  DTIC  System 


There  is  no  record  of  your  office  receiving  the  following 
reports : 

EGG-B-2024  (29  January  1960) 

Fireball  Calculations  Shot  Sanford 
Operation  Hardtack  Phase  II 
Project  15.1 

EGG- B- 2 013  (29  January  1960) 

Fireball  Calculations  Shot  Hamilton 
Operation  Hardtack  Phase  II 
Project  15.1 


Both  documents  are  now  approved  for  public  release. 


Therefore,  we  are  transmitting  copies  for  inclusions  into 
the  DTIC  system,  if  not  already  there . 


Enclosure : 
A/S 


ARDITH  JARRETT 

Chief,  Technical  Support 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE 
COPY  FURNISHED  TO  DTIC 
CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO 
NOT  REPRODUCE  LEGIBLY. 


FIREBALL  CALCULATIONS 


SHOT  SANFORD 

OPERATION  HARDTACK,  PHASE  II 
PROJECT  15.  1 


Report  No.  B-2024 
29  January  1960 


EDGERTON,  GERMESHAUSEN  &  GRIER,  INC, 

Boston,  Mass.  Santa  Barbara,  Calif.  Las  Vegas,  Nev. 


FIREBALL  CALCULATIONS:  SHOT  SANFORD 


1.  0  INTRODUCTION 

Sanford,  an  LRL  event,  was  detonated  on  26  October,  1958,  at 
approximately  0220,  PST,  from  a  1500-ttot  balloon  in  Area  B-Fa  of  the 
Nevada  Test  Site.  The  fireball  yield  was  4.  89  kt  +  0.  30  kt. 

2.  0  CAMERA  INSTRUMENTATION  AND  OPERATION  (Table  I) 

Photographic  coverage  of  fireball  growth  was  provided  by  four- 
high-speed  Eastman  cameras,  two  each  at  Stations  F-362  (6  x  6  No.  2) 
and  F- 36 9  (6  x  6  No.  3).  In  addition.  Rapatronic  cameras  were  located 
at  each  of  these  stations  to  record  early  fireball  phenomena.  All  cameras 
functioned  properly  and  provided  records  suitable  for  analysis. 

The  station  and  burst  locations  are  shown  in  Fig.  1.  Figure  2  con 

tains  the  survey  data.  > 

3.0  RESULTS 

Application  of  0  scaling  to  the  Sanford  data  indicates  a  yield  of 
4.  89  kt  ±.  0.  30  kt. 

An  air  density  of  1.  062  grams  per  liter  was  used  in  the  yield 
calculations.  This  air  density  was  based  on  a  pressure  of  864  millibars, 
a  temperature  of  9.  4°C,  and  a  relative  humidity  of  78  percent  at  the  height 
of  the  device  at  shot  time.  Diameter  vs  time  and  phi  vs  time  plots  are 
given  in  Figs.  3  and  4.  Table  H  shows  average  diameter  vs  time. 

The  zero-frame  times  of  the  Eastman  cameras  were  determined  by 
comparison  with  the  Rapatronic  diameter  vs  time  data. 
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The  following  data  sheets  are  included  for  each  shot: 

(a)  Photo  Plan  and  Photo  Loading  Chart 

(b)  Camera  Data  and  Calculation  Sheet 

(c)  Diameter  Measurement  Sheet 

(d)  .E102  print-out  sheet  of  D,  t,  0  and  W  (yield). 

The  Appendix  contains  photographic  examples  of  the  Sanford 


Fireball. 
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Table  I 


Hardtack  Phase  II,  Sanford 
Fireball  Camera  Distribution 


Functioning 


F-  362 

(6x6  No.  2) 

E-34 

Record 

E-7 

Record 

R-30 

Record 

R-34 

Record 

F-369 

(6x6  No.  3) 


E-25  Record 

E-6  Record 

XR-3  Record 


R-4 


Record 


Table  II 


Hardtack  Phase  II,  Sanford 
Average  Diameter  vs  Time 


Time 
(in  msec. ) 

Diameter  (meters)  as  seen  from 

Stations  7-357  and  9-356 

0.  5 

43.  0 

1.  o 

57.  0 

1.  5 

65.  5 

<$.  0 

71.  5 

%.  5 

78.  5 

3.  0 

83.  0 

3.  5 

87.  5 

4.  0 

92.  0 

4.  5 

96.  0 

5.  0 

100.  0 

5.  5 

103.  5 

6.  0 

106.  5 

6.  5 

110.  0 

7.  0 

113.0 

7.  5 

116.0  i 

l 

J 


l 
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Table  II,  cont»d 


Time 
(in  msec.  ) 

Diameter  (meters)  as  seen  from 

Stations  7-357  and  9-356 

8.  0 

119.  0 

8.  5 

121.  5 

9.  0 

124.  5 

9.  5 

127.  0 

1  0.  5 

129.  5 
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OPERATION'.  ’?#*&£  ■&■ 

CAMERA  DATA  6  CALCULATIONS 


DIAMETER  MEASUREMENTS 


FIREBALL  CALCULATIONS 


QMAT  SM^O/Z-Z) _  FILM  NO.  6  •S'£~, 

,  DATE  ^<3 


D 

t 

In  D 

Int 

t  '5 

* 

W 

??>5 

.01 

7.1  50  r3 

'  09  - 

.1  59064 

1  4  6.7  95 

9  20.9  09 

41  76 

39 

3  732  01 

74  1  53  - 

6  861  80 

608  58 

112  78 

57  °6 

77 

3  952  ^8 

261  35  - 

900735 

577  97 

37  13 

59  31 

1  15 

4  08271 

139  68 

10  574  64 

560  86 

7  4  98 

6  5  c'4 

1  54 

4  182  59 

431  85 

11  885  60 

551  42 

68  87 

70  33 

1  92 

4  253  15 

65233 

12  981  44 

541  77 

'■  63  05 

75  40 

2  70 

4  32 2 80 

83284 

13  9  53  38 

54037 

•  62  24 

79  1  7 

269 

4  371  63 

989  47 

14  855  56 

53293 

'  58  07 

5?  73 

7  77 

4  421  67 

112166 

15  662  19 

531  40 

57  25 

86  71 

3  45 

4  4  62  65 

1  238  41 

16  41099 

528  36 

55  63 

9.0  r  5 

3  83 

4  500  44 

1  34293 

17  111  66 

526  24 

54  52 

9 7  7S 

4  22 

4  536  7.3 

1  4  39  70 

17  788  43 

524  94 

53  85 

°6  ^7 

4  60 

4  570  27 

1  526  10 

1  A  412  44 

524  AQ 

53  61 

qpna 

4  78 

4  ^95  47 

1  605  43 

19006  11 

521  09 

51  90 

17147 

5  36 

4  619  p0 

1  678  93 

19  57314 

518  41 

50  58 

1  77  ? 9 

5  75 

4  643  32 

1 74913 

20  1  30  59 

516  08 

49  45 

1  06  c5 

6  13 

4  668  56 

1 81311 

20  652  41 

*  51592 

4  9  38 

108  76 

6  C1 

4  690  °1. 

•  1  873  26 

21  155  30 

51  5  04 

4  8  96 

111  38 

6  p9 

4  712  87 

1 93001 

21  641 01 

514  57 

4  8  78 

11474 

7  28 

4  736  47 

1 985 10 

2212317 

515  4  7 

49  17 

1 1  5  07 

7  66 

4  753  25 

2  036  01 

22  578  36 

513  63 

4  8  29 

118  63 

P  04 

4  775  °4 

2  084  47 • 

23  020  21 

515  32 

49  09 

1  20  72 

8  42 

4  79009 

2 13067 

2344965 

51309 

4  8  04 

1  23  22 

8  p  1 

4  813  92 

2 17596 

23  878  31 

516  03 

49  43 

124  oi 

9  19 

4  827  55 

221817 

24  284  94 

51  4  35 

48  63 

126  a 4 

9  c7 

4  842  88 

2  2  5865 

24  681  28 

513  91 

48  42 

1  2P  77 

995 

4  85801 

2  297  50 

25  067  89 

513  68 

4  8  32 

13071 

10  73 

4  872  97 

2  33505 

25  447  24 

513  65 

48  30 

131  71 

1072 

4  882  12, 

2  372  06 

25  826  73 

51074 

46  95 

133  36 

1110 

4  893  06 

2  406  87 

26  188  87 

509  22 

46  25 
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.lODERN  BLUE  PRINT  9602 


OPERATION:  Awdtacx  Thq5£  JL 


'  CAMERA  DATA  a 

CALCULATIONS 

FILM  NO.  6  OS/4- 

f  STOP 

CAMERA  NO.  E- 34 

CALCULATED  B'l 

STATION  NO.  Z;/if 

EQ.  AP. 

LENS  TYPE 

DATE:  /z/tjsi 

RACK  POS. 

N  D 

LENS  NO.  ET-  /ZS4 

TEST  SfiA/frazZ) 

COLOR  FILTER: 

)S  =  EL.  ANGLE 

A  (AIMING  POINT) 

HORIZONTAL 

PROJECTION 


A.  R°/A-CBh  cos  a  cos  /3  +  ( He  -  He )  sin  /9 


a-  Oc  oo' 

P=  7°  oz' 

Hb=  4S77  ft 

COS  a  =  /.  0  000 

cos  ^5=  o.  $9,2  4  8 

Hc=  3  o9o  ft 

CBh  =  36  76.  Z  m 

sin  >9  =  o.  /  z  z  4  5 

AH  =  /4Q7  ft-  453. 

CBh  cos  a  COS /9  =  36  48.  6m 

AH  sin/9  =  SS.  49  m 

R°/a=  3704.1  m 

B.  FOCAL  LENGTH  63.9/  mm  (£r-/zs4) 


C.  MAGNIFICATION  FACTOR  (meters /in.)  /472./ 


D.  ZERO  TIME  CORRECTION  o./z  ms 


PnnPRTnW  CTDIiCCUAliCCM  o.  coiro  Iikto 


880? 


SANFORD 


0 

48.15 

0083 

12 

0142 

2 

0174 

3 

0200 

4 

0216 

5 

0235 

6 

••  0249 

7 

0264 

8 

0278 

9 

0289 

10 

0300 

ll 

0310 

12 

0320 

13 

0330 

14 

0338 

15 

v  w.-  - 

0347 

16 

28.90 

0214 

17 

0219. 

18 

0222 

19 

0226 

20 

0232 

21 

0234 

22 

024o 

23 

0243 

24 

0247 

25 

0253 

26 

0257 

REMARKS: 


ESTER  MEASUKEKKfTS 


FWi  KO.E-^ 


F-3^2 


60514 


®3  °a«  D«e  <“>  *  <"> 

(ffi)  XXZ.3DC 


0084 
0140 
0177 
0200 
0218 
0235 
0252 
02  66 
0278 
0291 
0301 
0310 
0320 
0331 
0340 
0346 
0211 
0218 
0222 
0227 
0230 
0235 
0238 
0243 
0247 
0251 
0256 


2  S’.  S3 


3-/0 


S' 3.  &sr 


b(s>  *  3 


■  5  S' 


/.  S 


OS.  73 


//.  3  0 


2-S.f-X- 


TYPED  BY 


DATE 
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FIREBALL  CALCULATIONS 


gunT  S ^ AJFO/iD _ .  FILM  NO.  9, 

OATE  _ 7// V' S8 


D  • 

t 

In  D 

Int 

♦ 

W 

25.c3 

.1  2 

3.239  7  3 

2.1  20  7  3  - 

.4  232  14 

•  9 

•v  1  ^ 

1  C.l  76 

4?10 

51 

3  763  59 

*73  35  - 

7  6  38  °2 

56  4  22 

77  25 

53  6 5 

90 

3  9  82  4  5 

i  C  5  29  - 

9  c87  53 

5  59  57 

74  12 

6114 

1  29 

411309 

254  62 

1107218 

5  5219  •' 

69  36 

66  34 

1  68 

4 194  72 

518  86 

12  306  54 

53906 

61  49 

7  1  8  4 

2°7 

4  274  40  . 

•  727  c2 

13  377  76 

53701 

60  33 

76  c8 

2  46 

4  338  34 

90008 

14  33377 

534  26 

58  80 

«1  01 

2  85 

4  394  62 

1  047  27 

15  20300 

532  85 

58  03 

8  4  98 

'X  oc 

C  -J 

4  442  49 

1  17  3  66 

16  023  43 

530  34 

56-  68 

88  65 

3  64 

4  48  4  77 

1 29204 

■16  766  84 

528  72 

5  5  82 

91  p6 

4  03 

4  5?0  33 

1 39384 

17  4  63  66 

526  00 

54  40 

9  4  77 

.4  42 

4  551  49 

1  4  86  20 

IP  1 20  89 

'522  93 

52  85 

07  P? 

4  PI 

4  683  1.1 

1  57  0  72 

IP  74  4  02 

521  87 

52  29 

1  91  03 

5  20 

4  61 K  46 

1  *48  64 

19  337  43 

52245 

52  59 

1  03  63 

5  69 

4  6  4  0  p2 

1  720  °2 

19904  71 

520  63 

51  67 

103  03 

5  °8 

4  662  74 

1  788 34 

20  4  48  80 

^18  02 

50  39 

1  rn 

6  -1! 

4.  6  8  4  ?  8 

1  8  51 52 

20  972  11 

•  51616 

49  49 

1  1  1  ■'O 

6  76 

4  712 15 

1  910  05 

21  4  7 6  68 

518  23 

50  50 

1  1  r  9 

7  15 

4  728 10 

1  96707 

21  964  20 

514  88 

4P  88 

\  15  "8 

7  c4 

4  748  15 

2  020  21 

22  436  11 

51  4  26 

48  59 

117^7 

7  Q3 

4  767  pl 

2  070  68 

22  893  63 

513  98 

4P  46 

1  19  4  5 

8  32 

4  78?  «3 

2  118  72 

23  337  79 

511  83 

47  45 

1  ?  1  75 

8  72 

4  801  91 

2 165  69 

23  780  43 

511  97 

47  52 

1  23  73 

9  11 

4  818  4  6 

2  209  44 

24  200  20 

5114  8 

47  29 

1  23  p2 

9  p0 

4  p?4  ©I 

2  2  51  ’3;2 

24  609  n2 

511  27 

47  19 

1  ?  9  37 

9  p9 

4  8  54  PQ 

2  29  1  4  7 

25  007  43 

513  32 

48  15 

1  30  66 

1 0  28 

4  87?  p9 

2  7  30 21 

2  5  793 p  0 

c  1  4  4  4 

48  63 
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OPERATION  •  P£4s£  H 

CAMERA  DATA  a  CALCULATIONS 


FILM  NO.  6o£/S 

f  STOP 

CAMERA  NO.  £-7 

STATION  N0./x“/64 

EQ.  AP. 

LENS  TYPE 

RACK  POS. 

N  d 

LENS  NO.  RC486 

TEST  Sfi/vFo&o 

COLOR  FILTER: 

£  =  EL.  ANGLE 

DATE:  /o/z6/<r& 


A  (AIMING  POINT) 


HORIZONTAL 

PROJECTION 


CAMERA 

•* 


A.  R°/a  =  CBh  cc 


a=  o‘  oo ' 

P  =  +  7  °  oz  ' 

COS  a  =  /.  oooo 

cos  p-  0.  99 ZS 

CBh  =  3  67  6  .  Z  no  v 

sin  p  =  o.  922  4 

CBh  cos  a  COS  ^9  =  36  48.6  sr, 

AH  sin/?  =  <TS.  47  m 

hb=  fsjrrs? _ 

Hc=  3090  & 

AH=M 87  ft *433.2  m 


R°/a=  I  3704./  m 


C.  MAGNIFICATION  FACTOR  (meters /in.)  So. 73 


D.  ZERO  TIME  CORRECTION  0.4-0 


EDGERTON,  GERMESHAUSEN  ,  a  GRIER,  INC. 


^  _ _ _ « Jmmm *  . « i  *** kJF  W^a- 


-24- 


FIREBALL  CALCULATIONS 


SHOT 


3Q/1/FO&D 


FILM  NO. 


6  OS  /S 


DATE 


/of  Z6/S  8 


r 

1 

;  d 

t 

In  D 

Int 

6/5 

* 

w 

r  C 

-  < 

AO 

40 

A;  *  A  '■  * 

0-7  1  A4 

r'"t  -0 

8.2  00. 

i  50  03 

* 

1  0  -.  fi  ~ 

i 

'  '  ?  7  p 

•-  1  0  0  e  8 

“  1  °  6 

69  21 

5  o  7  7 

119 

4  OP  3  72 

1  73  83 

10 7  20  30 

"•5  3  C  C 

70  38 

f-  ?  /,  7 

I 

• ;  c  9 

4  1  96  63 

463  81 

1 2  0  3  8  4  9 

5  52  14 

69  33 

.  -7  Cj 

1  °3 

4777 33 

6'8  3  0  9 

1314212 

548  23 

66  91 

1  t:2 

2  38 

4  3  3  P  ?  6 

867  02 

14  145  43 

541  65 

6?  99 

17 

?  73 

4  3P4 1 9 

1  022  39 

1  5  05?  47 

532  60 

37  89 

r  •  *.4  74 

3  17 

4  4  39  66 

1  15373 

15  86  4  40 

5  3  4  15 

r.  — ?  ^7  'N 

i 

•  3  K7 

4  4  7  4  0 1 

1  272  62 

16 63707 

52  7  61 

^  3 

0  ?  7  5 

3  97 

4  6?5  65 

1  378  84 

17  3  59  19 

5  3  1  9  9 

j  ?  '  r. 

r .  ■-  4  °-i 

4  36 

4  «52  64 

1  4  72  53 

1 0  022 13 

526  4  6 

*■ ,  a  ■:  4 

=  7^  , 

4  76 

4  58  4  ?3 

1  560  23 

IP  6  6  5  87 

5?  4  64 

-  7  70 

1^1  48 

r  15 

4  6 1  9  00 

1  6  38  93 

19  26  2  88 

52  6  81 

-  •-  ? 

<  A  ~2.  r  1 

c;  tk 

4  639  66 

1  713  75 

19  8  4  7  64 

521  62 

i  i  r- a  =; 

c  05 

4  6 6-*,  p 7 

1  783  32 

20  4  07  71 

.  ci<>  65 

5  1  ;  9" 

i  1  D-  •'“'8 

6  34 

4  6  8? «1 

1  84  6  80 

20  93?  55 

516  32. 

4  9  c  7 

1  1  1  63 

6  74 

4  71 5  11 

1  9C799 

214  5l  23 

5  20  3  3 

K  *  ;  1 

i .  1  1  2 

7  14 

4  7?4  11 

1 96567 

21 951 Q0 

513  12 

4  ;  ’  7 

j  1  t  "  -'9 

7  33 

4  750  °3 

2  018  88 

2?  424  19 

615  91 

•  4  O  *;  7 

i  -i  — 

7  03 

4  76  P  73 

2  070  68 

2?  8 9  3  6 3 

n 

U1 

6 

*j  ”  r> 

{  1  I  O  -7  5 

a.  *  p 

A  7  P  K  ■?  4 

2  118  72 

23  "*37  79 

517  11 

4  F  ?  5 

!  ■  1  ?  1 

P  12 

4  8  0  ?  1  6 

216569 

23  760  43 

51?  10 

4  7  6 

«  —»  *;  ;  r\ 

‘  C  '  O 

9  ■;  t 

4  814  c7 

076944 

74  ?Pf)  20 

« p  0  4  9 

4F 

a  0  r-  -x 

0 

4  8^0  °1 

2  257  37 

2  4  6 1  9  3  6 

5  C  9  n  7 

4  f  ;  5 

j  1  p  •-  n 

0  01 

A  p  4  6  0  9 

2  293  4  9 

25  027  64 

50*  *7 

4  ^  15X 

•i  O  r  7  (■' 

1  1 

1 0  '-■•5 

4  8  50  °1 

?  33215 

25  4  17  7i 

c  9  7  0  3 

/,  /  -7  ^ 

*  -  -  i- 

*  '  r  '>  [ 
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